POSTTRAUMATIC STRESS DISORDER

Childhood Posttraumatic
Stress Disorder: A Review of
Neurobiologic Sequelae
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ach year an alarmingly high number

of children are exposed to severe psy-
. chological trauma. Stressors range

from single-episode acute traumas to
chronic ongoing and repetitive traumas.
Examples of the former include accidents, nat-
ural and manmade disasters (earthquakes,
fires, hurricanes, tornadoes, and floods) and
crimes (eg, kidnapping, rape, or assault).
Examples of the latter include exposure to
childhood maltreatment (sexual and physical
abuse and neglect), chronic illnesses, living in
war zones (such as Cambodia, Beirut, and
Bosnia), and exposure to ongoing family- and
community-based violence. Although phenome-
nologic studies suggest there are many similar-
ities between posttraumatic stress symptoma-
tology-in adults and children, there also seem to
be important differences. First, it appears that
traumatized children are more likely than
adults to develop posttraumatic stress respons-
es. In a meta-analysis of more than 2000 chil-
dren from 34 separate samples of traumatized
children (including preschoolers, school-aged
children, and adolescents), an average 36% of
youngsters were diagnosed with posttraumatic
stress disorder (PTSD) compared with an aver-
age 24% of traumatized adults (based on more
than 3000 adults from five samples).! Second,
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children exhibit a wider range of posttraumatic
symptoms that differ according to the type of
stressor experienced, age of the child,? cognitive
ability at the time of the trauma (including
ability to appraise danger),! level of family
functioning and support,?® and number of sec-
ondary adversities encountered after the trau-
ma.* In addition to the core symptoms of PTSD
(intrusion, avoidance, and hyperarousal), trau-
ma in a developing child can affect a variety of
emotional and behavioral functions such as
attention span, affect regulation , impulse con-
trol, sense of future orientation, and even per-
sonality.

Traumatic stress appears to have a greater
impact on children than adults because of its
capacity to disrupt normal stages of childhood
development. For example, sexual abuse occur-
ring in latency-aged children may alter the tim-
ing and course of puberty.® Further, other forms
of maltreatment, such as emotional abuse and
neglect, can affect multiple stages of develop-
ment, typically beginning in infancy and often
extending into adolescence. Likewise, exposure
to chronic community violence often persists
throughout a child’s formative years.”

Animal studies with rodents® and mon-
keys® have shown that the type, timing, and
predictability of stress can influence the devel-
opment of neuroendocrine systems and brain
structures. There are certain “critical periods”
during which small environmental insults can
exert disproportionately large effects on neuro-
biologic systems. From a structural standpoint,
certain cortical and subcortical structures such
as the hippocampus, amygdala, prefrontal cor-
tex, and corpus callosum may be preferentially
affected.’® Functionally, early stress and trau-
ma conceivably can affect many neurotransmit-
ter systems, including the catecholaminergic,
dopaminergic, serotonergic, and GABAergic
systems, and multiple neuroendocrine axes,
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including the hypothalamic-pituitary-adrenal
(HPA) axis, the hypothalamic-pituitary-thyroid
(HPT) axis, the hypothalamic-pituitary-growth
hormone (HPGH) axis, and the hypothalamic-
pituitary-gonadal (HPGN) axis.!

Despite the widespread prevalence of child-
hood trauma and its serious psychological , med-
ical, and legal ramifications, there has been rel-
atively little empirical research on neurobiolog-
ic alterations caused by chronic stress and vio-
lence in children. This article reviews some of
what is known about the neurobiology of PTSD
in children by focusing on the following areas:
(1) early childhood trauma and the developing
brain; (2) dysregulation of catecholamine sys-
tems, including the startle response; and (3)
dysregulation of the HPA axis. Each of these
topics will be covered in detail in other articles
in this edition of Psychiatric Annals so a brief
summary of these findings in adults with PTSD
will be presented followed by the findings in
children. Finally, some directions for future
research are discussed.

EARLY CHILDHOOD TRAUMA AND THE DEVELOPING
BRAIN

The brain is a relatively plastic organ whose
final structure and function are determined by a
complex interplay of genetic and environmental
factors. There are progressive maturational
changes in brain structure from infancy to ado-
lescence with four stages, or periods, of major
structural brain development. These periods
include: (1) early childhood (birth to 4 years), (2)
late childhood (6-10 years), (3) puberty, and (4)
mid-adolescence.'> These stages of structural
brain growth and cortical reorganization corre-
spond with developmental changes in cognitive,
emotional, and psychological function and might
represent periods of increased stress-related
vulnerability for children.

Teicher and colleagues!® have postulated
that early abuse can affect both the pattern and
degree of cortical development. Using a measure
of electroencephalopathy (EEG) that they term
“EEG coherence,” Teicher and colleagues com-
pared EEG patterns in 15 children with histo-
ries of severe sexual and physical abuse to 15
matched control subjects. Abused children had
greater left hemispheric coherence than control
subjects but comparable right-sided hemispher-
ic coherence. The authors postulated that early
abuse might delay maturation of the corpus cal-
losum, the large myelinated tract that connects
the right and left cortical hemispheres thereby
affecting the lateralization of EEG coherence.
Consistent with their hypothesis, MRI records
of 51 pediatric inpatients admitted to McLean
Hospital were blindly reviewed and the volume
of the corpus callosum was calculated. Both
physical abuse and neglect, but not sexual
abuse, were associated with volumetric reduc-
tions in certain regions of the corpus callosum.
These findings were more pronounced in boys.
In a separate study, Giedd and colleagues!4 also
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The brain is a relatively
plastic organ whose final
structure and function are
determined by a complex
interplay of genetic and
environmental factors.

reported volume reduction in boys with atten-
tion deficit hyperactivity disorder (ADHD) but
in a different region of the corpus callosum.
These MRI findings might help to understand
the reported relationship between PTSD and
comorbid ADHD.'5

Catecholamines

In adults with PTSD, an accumulating
number of psychophysiological, neuroendocrine,
and pharmacologic challenge studies have
demonstrated increased responsivity of the sym-
pathetic nervous system that is detectable
under conditions of stress. Compared with
healthy control subjects, combat veterans with
PTSD have been reported to have greater
increases in blood pressure and heart rate when
exposed to visual and auditory reminders of
trauma,'® increased 24-hour urine epinephrine
and norepinephrine excretion,!” decreased
platelet alpha-2 adrenergic receptor number,!8
decreased basal cAMP and basal adenyl cyclase
levels,!® increased reactivity to sodium lactate,2?
and increased behavioral, cardiovascular, and
peripheral biochemical responses as well as
decreased cerebral metabolism to the alpha-2
receptor antagonist yohimbine hydrochloride.?

In traumatized children, a number of stud-
ies suggest that alterations in sympathetic ner-
vous system responsivity resemble the alter-
ations seen in traumatized adults. Perry and
colleagues?? have speculated that the early dys-
regulation of catecholamine systems may lead to
problems in cardiovascular regulation, anxiety,
modulation of affect and impulse control, and
impairments in attention and concentration.
Using cardiovascular lability as a physiological
correlate of brain stem catecholaminergic dys-
regulation, Perry and coworkers studied 34 chil-
dren who met criteria for PTSD secondary to
chronic childhood abuse. Eighty-five percent of
subjects had a resting tachycardia greater than
94 beats per minute. Following an orthostatic
challenge where the child was supine for 9 min-
utes and then rose and remained standing for
the next 10 minutes, two patterns of heart rate
changes emerged. The first pattern consisted of
a higher than control basal heart rate and a dra-
matic overshoot of heart rate on standing with a
slow return to a baseline rate. The second pat-
tern consisted of a normal increase in heart rate
with a sluggish return to baseline.?? It further
has been hypothesized that for children, sus-
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Preliminary resulits [of
studies of PTSD in children]
revealed that the PTSD group
excreted significantly greater
amounts of epinephrine. ...

tained elevated levels of circulating cate-
cholamines might have the additional effect of
influencing neuronal differentiation, migration,
synaptic proliferation (sprouting), and neuronal
loss (pruning).?

In two studies of 24-hour urine cate-
cholamine excretion, Debellis and colleagues?425
reported differences between traumatized chil-
dren and healthy control subjects. In the first
study, 24-hour urine catecholamine and metabo-
lite levels were compared between 12 sexually
abused girls, aged 8-15 years, and nine healthy
control subjects. Only one of the subjects met
the criteria listed in the Diagnostic and
Statistical Manual I11-R for PTSD. Elevated lev-
els of metanephrine, vanillylmandelic acid,
homovanillic acid, and total catecholamines (the
sum of norepinephrine, epinephrine, and
dopamine) were excreted by girls with histories
of sexual abuse. After controlling for height, the
strongest developmental covariate, homovanillic

acid remained significantly elevated in the sex-
ually abused girls whereas there were trends
toward greater excretion of VNA, MN, and total
cathecolamines. In the second study, child sub-
jects meeting diagnostic criteria for PTSD (n =
9) were compared with children meeting criteria
for overanxious disorder (n = 7) and with
healthy control subjects (n = 14).25 Preliminary
results reveal that the PTSD group excreted sig-
nificantly greater amounts of epinephrine than
the other two groups. There were no differences
between groups in urinary norepinephrine or
dopamine excretion. These two studies suggest
that childhood maltreatment may lead to dys-
regulation of catecholamine systems.

Galvin and colleagues?®® have provided a
separate line of evidence linking early maltreat-
ment to disturbances of catecholamine systems.
The authors compared dopamine beta hydroxy-
lase (DBH) levels, an enzyme involved in the
conversion of dopamine to norepinephrine, in
psychiatrically hospitalized boys who had expe-
rienced early abuse and neglect and in psychi-
atric control subjects. DBH levels were signifi-
cantly lower in boys who had histories of early
maltreatment with onset before 72 months. The
authors hypothesize that at developmentally
critical times maltreatment overstimulates the
catecholamine system. This results in initial
surges of catecholamines followed by a downreg-
ulation of enzyme activity and low levels of
peripheral DBH activity.

Two treatment studies provide further evi-

dence for alterations in catecholamine sys-
tems.??>?” Clonidine is an alpha-2 adrenergic
receptor partial agonist that acts through both
presynaptic and postsynaptic inhibition. It has
been used to treat aggressive children and to
treat children with comorbid ADHD and
Tourette’s syndrome. In an open-labeled study of
clonidine for the treatment of 65 traumatized
children over a 10-week period, Perry?? found
that 60 of 65 subjects had significant improve-
ments in their psychiatric symptoms. Initial
improvements were seen in the domains of
sleep, irritability, distractibility, and hypervigi-
lance (cluster D symptoms or symptoms of
heightened arousal). Later improvements, over
the 10-week course, were seen in peer relation-
ships and school performance. Physiologic labil-
ity also decreased with a significant drop in
basal heart rate. In another open-labeled study
of propranolol, a beta-adrenergic blocker,
Famuluaro? reported an improvement in 11
children with PTSD over a 5-week trial.
Improvements were noted in aggressive behav-
ior, agitation, exaggerated startle, insomnia,
fearfulness, and loss of control. Our research
group is presently conducting a 10-week, dou-
ble-blind, placebo-controlled trial of clonidine in
children with PTSD. We are assessing baseline
measures of noradrenergic responsivity such as
urinary catecholamines, heart rate, blood pres-
sure, and plasma MHPG at the start and at the
end of treatment to determine if clonidine modi-
fies catecholaminergic function in traumatized
children and if these neurobiologic changes are
associated with response.

STARTLE RESPONSE

The startle response in animals (measured
as a flexor motor response to a sudden stimulus)
is similar to the startle response in humans
(measured as the magnitude of a reflex eye
blink).28 It has been linked to hyperarousal or
“cluster D” PTSD symptoms and preclinical
studies suggest that it is a useful correlate of
noradrenergic activity (see the article by
Morgan and colleagues pp 430-434). The startle
reflex also has been used to examine some
aspects of attention by assessing the impact of
prestimulation on its amplitude. Sensory events
presented at various times before the startle-
eliciting stimuli can either facilitate or enhance
the startle response. Startle modulation differs
in children and adults. Normal preschoolers do
not show prepulse-induced startle inhibition,
but they do demonstrate exaggerated prepulse-
induced startle facilitation.?® In the only pub-
lished study to date of the startle response in
children with PTSD, Ornitz and Pynoos®® com-
pared six children who witnessed a schoolyard
sniper attack with age-matched control subjects.
Children with PTSD exhibited a significantly
reduced level of age-related prepulse inhibition
of their startle response suggestive of chronic
alteration in their PPI activity. This is not a
finding specific to PTSD because PPI deficits
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have been noted in enuretic boys,*! children with
comorbid ADHD and Tourette’s syndrome,*? and
individuals at risk for schizophrenia.®3

Hypothalamic Pituitary Adrenal Axis

The hypothalamic pituitary adrenal axis is
one of the major biologic systems that coordi-
nates the mammalian response to stress. This
axis and its relation to stress and PTSD is
reviewed in the article by Southwick and col-
leagues in this issue (pp. 436-442). Adults with
depressive disorders, particularly those patients
.with features of melancholia, show HPA axis
dysfunction characterized by primary hypercor-
tisolemia.?* There also is considerable evidence
for HPA axis dysfunction in adults with PTSD,
although the nature of the dysfunction in PTSD
appears to be markedly different from that in
melancholic, unipolar depression. Findings in
patients with PTSD have included decreased
basal 24-hour urinary cortisol in most33¢ but
not all studies®’; decreased 24-hour plasma cor-
tisol levels with increased circadian signal to
noise ratio®; increased numbers of lymphocyte
glucocorticoid receptors®?*’; supersensitivity to
the suppressant effects of a low dose of dexam-
ethasone®4!; a blunted ACTH response to ovine
CRF#%;, a heightened ACTH response to
metyrapone*?; and increased cerebrospinal fluid
(CSF) levels of CRF and somatastatin.** When
these findings are considered together, it
appears that individuals with PTSD may exhib-
it enhanced reactivity and negative feedback
inhibition of the HPA axis.

There have been few studies of HPA axis
regulation in adolescents and children. The
majority have compared youngsters with
depression with healthy control subjects or with
patients with other psychiatric disorders. In
these studies, prepubertal children and adoles-
cents with major depression have not consis-
tently demonstrated the same neuroendocrine
abnormalities as their adult counterparts.**7
For example, studies have not shown differences
in total 24-hour urinary cortisol,* baseline plas-
ma cortisol, or 24-hour diurnal variation of plas-
ma cortisol*® compared with healthy control sub-
jects. Furthermore, they have not consistently
shown escape from suppression to the standard
1-mg dose of dexamethasone.*®4” However, the
possible effects of an early trauma history
and/or presence of PTSD have not been consid-
ered factors in the comparisons of depressed
youngsters and nondepressed control subjects.

A recent study of prepubertal depressed
children by Kaufman and colleagues*® took such
factors into account. CRF stimulation tests were
performed in prepubertal, depressed children
with histories of early childhood abuse. The
depressed children with histories of early abuse
who were currently experiencing chronic adver-
sity (such as marital strife, emotional abuse, or
poverty) showed greater peak, total, and net
ACTH secretion but no difference in cortisol
secretion following the CRF .challenge when
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Despite the few studies
focused on the neurobiology
of psychological trauma in
children and adolescents, the
rates of trauma and PTSD in
children are alarmingly high.

compared with (1) depressed children with his-
tories of abuse and no current adversity, (2)
depressed, nonabused children, and (3) healthy
control subjects. In contrast, DeBellis and col-
leagues® report that 13 sexually abused girls,
aged 9 to 15 years, had significantly lower basal
and exogenous CRF-stimulated ACTH levels but
comparable total 24-hour urinary cortisol and
CRF-stimulated cortisol measures compared
with 13 nonabused control subjects. Of note, all
of the girls in this study were living in relative-
ly stable households at the time of the study and
were not experiencing ongoing stress.

Other measures of HPA axis functioning
that have been studied in traumatized children
include baseline salivary cortisol and cortisol
reactivity to daily stress and to the challenge of
low-dose dexamethasone. Over a 1-month peri-
od, Hart and colleagues®® collected daily morn-
ing salivary cortisol levels in maltreated
preschoolers and compared their mean cortisol
levels and fluctuations in cortisol values with a
comparison group of preschoolers from socially
disadvantaged families who had not been mal-
treated. For each morning of the study period,
teachers simultaneously rated the children’s
social behaviors and interactions (social compe-
tence). Cortisol reactivity was positively corre-
lated with social competence scores and nega-
tively correlated with shy and inhibited behav-
ior. Maltreated preschoolers displayed blunted
fluctuations in their daily cortisol levels and this
diminished responsivity was correlated with
impaired social competence as noted by their
teachers. Salivary cortisol levels were also mea-
sured in response to the administration of a low
dose (0.5 mg) of dexamethasone in 37 adoles-
cents from two cities in Armenia hit by the 1988
earthquake.?! Five years after the disaster, ado-
lescents who lived closer to the epicenter had
more PTSD symptoms and showed significantly
lower baseline cortisol levels and greater after-
noon suppression of salivary cortisol by dexam-
ethasone. Of note, only youngsters with high
levels of intrusive PTSD symptomatology
demonstrated altered aspect HPA axis function-
ing. The authors suggest that persistent re-
experiencing phenomena may serve as an ongo-
ing source of stress that affects HPA axis func-
tion. Alternatively, youngsters who have an
enhanced sensitivity to this synthetic glucocorti-
coid may be predisposed to develop re-experi-
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encing symptoms. Prospective, longitudinal
studies of traumatized children are needed to
understand the long-term neurobiologic impact
of trauma and posttraumatic stress disorder on
normal childhood development.

CONCLUSIONS AND FUTURE DIRECTIONS

To date there have been few studies focused
on the neurobiology of psychological trauma in
children and adolescents. However, thus far,
among children with PTSD, it appears that
alterations in sympathetic nervous system reac-
tivity and HPA axis functioning basically paral-
lel those seen in adults. In future neurobiologic
studies it will be important to systematically
assess PTSD and comorbid diagnoses with the
use of structured clinical interviews. Reliable
and valid instruments to measure type and
severity of traumatic exposure also will be need-
ed. Standardized assessment of family psy-
chopathology and psychosocial risk factors for
the development of PTSD will allow more mean-
ingful interpretation of neurobiologic data.
Fortunately, most of the salient findings of the
neurobiology of PTSD can be derived from stud-
ies of a relatively noninvasive nature (urine,
blood, or salivary measures and brain imaging)

Rates of trauma and PTSD in children are
alarmingly high. A more informed understand-
ing of the neurobiologic consequences of extreme
stress and of the pathophysiology of PTSD in
children should facilitate the development of

more effective treatments.
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